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OPTICAL RECORDING MEDIUM 

CROSS-REFERENCE TO THE RELATED 
APPLICATION 

Reference is made to our copending application U.S. 
Ser. No. 486,843 ?led Mar. 1, 1990 or EPA 90 1036913 
?led Feb. 26, 1990 for “Optical Recording Medium” 
and U.S. Ser. No. 703,668 ?led May 21, 1991 or EPA 91 
l08l67.7 ?led May 21, 1991 for “Optical Recording 
Medium.” 

FIELD OF THE INVENTION 

This invention relates to an optical recording me 
dium, and more particularly, to an optical recording 
medium of the write-once type intended for compact 
disks. 

BACKGROUND OF THE INVENTION 

An additionally or fully recordable optical recording 
disk was proposed in accordance with the compact disk 
(generally known as CD) standard. See Nikkei Elec 
tronics, Jan. 23, 1989, No. 465, page 107; the Functional 
Dye Department of the Kinki Chemical Society, Mar. 
3, 1989, Osaka Science & Technology Center; and 
SPIE, Vol. 1078, Optical Data Storage Topical Meet 
ing, 80, 1989. 

This disk has a dye layer, a re?ective Au layer, and a 
protective layer disposed on a transparent resin sub 
strate in this order. That is, the re?ective layer is in 
close contact with the dye layer. As opposed to the 
prior art disk of the air sandwich structure wherein an 
air space is provided on a dye layer of the disk in order 
to allow pits to be formed in the dye layer, the newly 
proposed disk is of the close contact type wherein the 
re?ective layer is close to the dye layer. The close 
contact type con?guration could meet the total disk 
thickness of 1.2 mm required by the CD standard. 

In the medium of the close contact type wherein a 
re?ective layer is close to a recording layer containing 
a dye, the recording layer should have a coefficient of 
extinction k of 0.02 to 0.05 and an index of refraction n 
of at least 2.0 at the wavelength of the recording and 
reproducing light and unrecorded portions of the re 
cording layer have a re?ectivity of at least 60%, espe 
cially at least 70% to meet the CD requirement. 
According to the CD standard, recording and repro 

ducing operations rely on semiconductor laser having a 
wavelength of 780 nm. The oscillation wavelength var 
ies somewhat among semiconductor laser products and 
is generally in the range of from about 780 to 790 nm. It 
also varies to the order of :10 nm with varying tem 
peratures. ' 

The preferred dyes used in the recording layers are 
cyanine dyes of the indolenine series. Normally, indo 
lenine cyanine dyes have a coef?cient of extinction k 
which is so greatly dependent on wavelength that for 
the dye having a desired value of k at 780 nm, k would 
deviate off the desired range if the wavelength varies 
within :10 nm. 
The inventors previously proposed to mix two or 

more indolenine cyanine dyes for the purpose of im 
proving the wavelength dependency of k (Japanese 
Patent Application No. 48435/1990). We have found 
that a mixture of two or more dyes has a low melting 
point, a broad softening point, and poor reliability as 
evaluated by heat resistance and humidity resistance. 
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2 
Only limited combinations of dyes can minimize the 
change of k with wavelength variations. 
As is well known in the art, a dye layer used as a 

recording layer experiences a lowering in reproduction 
capability since a light absorbing dye is less resistant 
against light and likely to deteriorate in the photon 
mode upon repetitive reproduction. We proposed to use 
an ionic combination of a dye cation and a transition 
metal complex anion as a singlet oxygen quencher for 
the purposes of preventing output lowering and im 
proving light resistance (Japanese Patent Application 
Kokai=JP-A No. 159087/1985, 162691/1985, 
203488/1985, and 163243/1985). In this combination, 
the dye cation and the quencher anion are present in a 
ratio of 1:1. If a recording layer is formed from a mix 
ture of a cation type dye and a quencher, then there are 
present four types of ion, a dye cation, a quencher anion 
and their counter ions in a ratio corresponding to the 
mix ratio of the dye and the quencher. This suggests 
that the use of an ionic combination, absent the counter 
ions of the dye and quencher, has the advantages of less 
output lowering and higher light resistance than the mix 
system. Moreover, many ionic combinations have a 
high distinct melting point whereas mix systems have a 
low melting point and a broad softening point, that is, 
poor thermal stability. In this respect, the ionic combi 
nations are effective for reducing the reproduction dete 
rioration of the heat mode and improving shelf stability 
as well as moisture resistance. 

Since conventional quencher anions, however, have a 
high coefficient of extinction k, the use of an ionic com 
bination in a medium of the close contact type yields a 
recording layer having increased k and decreased re 
?ectivity therewith, failing to provide satisfactory re 
production. In order to control k to a desired value, 
another light absorbing dye having low k must be addi 
tionally mixed, leading to a lowering of light resistance 
and thermal stability. Therefore, the prior art close 
contact type media could not take advantage of the 
ionic combinations having high light resistance. 

SUMMARY OF THE INVENTION 

Therefore, an object of the present invention is to 
provide a reliable optical recording medium of the close 
contact type which ensures satisfactory recording and 
reproduction. Another object is to provide such an 
optical recording medium having heat resistance and 
moisture resistance as well as light resistance. A further 
object is to provide such an optical recording medium 
whose recording/reproducing performance experi 
ences a minimal variation with a change in the wave 
length of recording and reproducing light. 
To attain these and other objects, the present inven 

tion provides an optical recording medium comprising a 
substrate having a groove formed therein, a recording 
layer on the substrate containing a dye, and a re?ective 
layer stacked in close contact with the recording layer. 
The medium is recorded by directing recording light to 
the recording layer in the groove to form recorded sites 
and reproduced by directing reproducing light to the 
recorded sites. According to the feature of the present 
invention, the substrate is formed of a cyclic ole?n 
polymer. The recording layer contains a photo-stabil 
ized cyanine dye of the formula: 
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wherein m and n are positive integers, m>n and mé2, 
q is 0 or a positive integer of up to 10, and p is a positive 
integer of from 1 to 10. The recording layer has a thick 
ness of 2,000 to 3,000 A in the groove. In a preferred 
embodiment, the groove has a width of 0.38 to 0.50 pm. 

BRIEF DESCRIPTION OF THE DRAWING 

The only ?gure, FIG. 1 is a fragmental cross-sec 
tional view of an optical recording disk according to 
one preferred embodiment of the invention. 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Referring to FIG. 1, there is illustrated in cross sec 
tion a portion of an optical recording medium generally 
designated at 1 according to one preferred embodiment 
of the invention. The medium 1 is an optical recording 
disk of the close contact type including a substrate 2, a 
dye-containing recording layer 3 on the substrate, and a 
re?ective layer 4 and a protective layer 5 on the record 
ing layer 3 in close arrangement. 

Substrate 

The substrate 2 is of disk shape having commonly 
used dimensions, for example, a thickness of about 1.2 
mm and a diameter of about 80 or 120 mm according to 
the CD standard. 
The substrate 2 is formed of a material which is sub 

stantially transparent to recording and reproducing 
light, typically a semiconductor laser beam having a 
wavelength of 600 to 900 nm, especially 700 to 800 nm, 
most often 780 nm. The substrate material preferably 
has a transmittance of at least 80% so that recording and 
reproducing operation can be made through the sub 
strate 2, that is, from the rear side of the substrate 2 
remote from the recording layer 3. 
For the purpose of preventing output lowering and 

photo-degradation during light room storage, the sub 
strate is formed of a resin, more speci?cally a cyclic 
polyole?n polymer. The cyclic polyole?n polymer 
preferably has recurring units of the formula: 

(11) 

wherein R1 and R2 are hydrocarbon groups, preferably 
unsubstituted alkyl groups having 1 to 5 carbon atoms. 
Preferred cyclic polyole?n polymers are homopoly 
mers consisting of recurring units of formula (II) al 
though copolymers comprising recurring units of for 
mula (II) wherein R1 and R2 groups are different are 
acceptable. They preferably have a number average 
molecular weight of about 10,000 to about 100,000, 
more preferably about 20,000 to about 50,000. These 
cyclic polyole?ns may be prepared through polymeri 

20 

25 

30 

35 

40 

45 

55 

65 

4 
zation in a conventional manner or are commercially 
available in the trade name of Zeonex 280 from Nihon 
Zeon K.K., for example. 
Another preferred group of cyclic ole?n polymer is a 

copolymer of ethylene with a cyclic ole?n of the for 
mula: 

(m) 

wherein n is 0 or a positive integer, R1 through R12 are 
independently selected from the group consisting of a 
hydrogen atom, halogen atom, and hydrocarbon group, 
and R9 through R12, taken together, may form a mono 
or polycyclic group which may have a double bond, or 
R9 and Rloor RH and R12, taken together, may form an 
alkylidene group. A blend of such copolymers is also 
acceptable. For the details of these copolymers, refer 
ence is made to JP-A 257446/ 1990. The cyclic ole?ns 
of formula (III) may be synthesized by condensing cy 
clopentadienes and corresponding ole?ns by Diels 
Alder reaction. 

Illustrative, non-limiting examples of the cyclic ole?n 
of formula (III) include octahydronaphthalenes such as 
tetracyclo[4,4,0,12,5,l7’1°]-3-dodecene(l,4,5,8-dime 

thano-l,2,3,4,4a,5,8,8a-octahydronaphthalene), 
2-methyl-l,4,S,8-dimethano-1,2,3,4,4a,5, 8, 8a-octahy 

dronaphthalene, 
2-ethyll,4,5,8-dimethano-1,2,3,4,4a, 5,8,8a-octahy 

dronaphthalene, 
2-propyl- I ,4,5,8-dimethano- l ,2,3,4,4a, 5,8,8a-ocatahy 

dronaphthalene, 
Z-hexyl- l ,4,5,8-dimethano- l ,2,3,4,4a, 5,8,8a-ocatahy 

dronaphthalene, 
2,3-dimethyl- l,4,5,8-dimethano- l ,2,3,4,4a, 5,8,80 

ocatahydronaphthalene, 
2-methyl-3-ethyl- 1 ,4,5,8-dimethano- l ,2,3,4,4a, 5,8,8a 

ocatahydronaphthalene, 
Z-chloro- l ,4,5,8-dimethano- l ,2,3,4,4a, 5,8,8a-ocatahy 

dronaphthalene, 
2-bromo-l,4,5,8-dimethano-1,2,3,4,4a, 5,8,8a-ocatahy 

dronaphthalene, 
2-?uoro- l ,4,5,8-dimethano- 1,2,3,4,4a, 5,8,8a-ocatahy 

dronaphthalene, 
2,3-dichloro- l ,4,5,8-dimethano- l ,2,3,4,4a, 5,8,8a 

ocatahydronaphthalene, 
Z-cyclohexyl-1,4,5,8-dimethano-1,2,3,4,4a, 5,8,80 

ocatahydronaphthalene, 
2-n-butyl- l ,4,5,8-dimethano- l ,2,3,4,4a, 5,8,8a-ocatahy 

dronaphthalene, 
Z-isobutyl-1,4,5,8-dimethano-l,2,3,4,4a,5,8,8a-ocatahy 

dro naphthalene, etc. 
Other examples of the cyclic ole?n of formula (III) 

include 
bicyclo[2,2,l]hept~2-ene derivatives such as 

bicyclo[2,2,1]hept~2-ene, 
6-methylbicyclo[2,2, l]hept-Z-ene, 
5,6-dimethylbicyclo[2,2,l]hept-Z-ene, 
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meric component. Such optional monomers include 
a-ole?ns having 3 to 20 carbon atoms, for example, 
propylene, l-butene, 4-methyl-1-pentene, l-hexene, l 
decene, l-dodecene, l-tetradecene, l-hexadecene, 1 
ocatadecene, and l-eicosene. 
The cyclic ole?n polymers may be used alone or in 

admixture of two or more to form substrates. Copoly 
mers of at least one cyclic ole?n may be prepared under 
suitably selected conditions by such methods as dis 
closed in JP-A 68708/1985, 120816/1986, 115912/1986, 
115916/1986, 71308/1986, and 2722l6/l986 and Japa 
nese Patent Application Nos. 95905/1986 and 
90906/1986. 

Included are random copolymers of cyclic ole?ns, 
homopolymers and copolymers containing recurring 
units obtained through ring-opening polymerization of 
cyclic ole?ns of formula (III), and homopolymers and 

CH3 CH3 S s 

CH3 CH3 \ / 
cqH2q+ l-CpHZp-H cu 

+ / CH=CIHICH / \ 
ylq N S S 

I 

copolymers containing such, but hydrogenated recur 
ring units. 

Anti-oxidants, stabilizers and other additives may be 
incorporated in the cyclic ole?n polymers. 

Substrates are prepared by injection molding the 
cyclic ole?n polymers in a conventional manner. If 
desired, the substrate may be formed with an oxygen 
impermeable coating on at least one of its upper and 
lower surfaces and optionally, on the inner and outer 
periphery surfaces. 
On the surface of the substrate 2 where the recording 

layer 3 is formed, the upper surface in the illustrated 
embodiment, a groove 23 is formed for tracking pur 
poses. The tracking groove 23 preferably consists of 
continuous spiral turns. Typically, the groove 23 has a 
depth of 0.1 to 0.25 pm and a width of 0.38 to 0.50 pm 
(width in a radial direction with respect to the disk 
center). The adjoining turns 23 are separated by a land 
at a pitch of 1.5 to 1.7 pm. With this groove con?gura 
tion, tracking signals can be obtained without reducing 
the re?ection level of the groove. It is important to limit 
the groove width to the range of 0.38 to 0.50 pm be 
cause with a width of less than 0.38 pm, tracking signals 
of less intensity would be obtained and a slight tracking 
offset induced during recording would result in a larger 

CH3 
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magnitude of jitter. A width in excess of 0.50 pm tends 
to cause distortion of reproduced signal waveform, 
resulting in an increase in crosstalk. 
Where the groove is formed in the surface of the 

substrate, a provision is preferably made such that re 
cording light is directed to a recording layer within the 
groove.‘ That is, the optical recording medium of the 
invention is preferably of the groove recording mode. 
The groove recording mode allows the recording layer 
to have an increased effective thickness. 

Recording layer 
The recording layer 3 is formed on the grooved sub 

strate 2 using a photo-stabilized cyanine dye of formula 
(I), that is, an ionic combination or ionically bonded 
compound of a cyanine dye cation and a quencher anion 
as a light absorbing dye. 

(I) 

CPHZp-t- 1 

In formula (I), the cyanine dye cation is of the indo 
lenine series having a pentamethine chain and has an 
assymmetric heteronucleus structure in which one nu 
cleus is a 4,5-benzoindolenine ring and the other nucleus 
is an indolenine ring. The alkyl group CHHZHI attached 
to the nitrogen atom of the 4,5-benzoindolenine ring 
and the alkyl group CmH2m+1 attached to the nitrogen 
atom of the indolenine ring are preferably both straight 
chains, but different from each other so that m>n. 
Letter m is a positive integer of at least 2, preferably 2 
to 10, more preferably 2 to 5 and n is a positive integer 
smaller than the value of In, more preferably of 1 to 3. 
To the benzene ring of the indolenine ring may be at 
tached an alkyl group CqI-IZ‘HI. This alkyl group is 
preferably attached to the indolenine ring at the 5-posi 
tion. Letter q is equal to 0 (that is, H) or a positive 
integer of 1 to 10, preferably 1 to 3. 
The counterpart, quencher anion is a copper complex 

of bis-l,Z-phenylenedithiol. To the phenylenedithiol, 
preferably at the 4-position, is attached an alkyl group 
CPI-I2“. 1. Letter p is a positive integer of from 1 to 10, 
preferably equal to 3, that is, the preferred alkyl is a 
tertiary butyl group (abbreviated as tBu). 

Illustrative preferred, non-limiting examples of the 
photo-stabilized cyanine dye are given below. 

CH3 tBu s s 
CH3 CH3 \ / 

. Cu" 

/ cu=ci+yfcn / \ 
N S 5 (Bl! 
l 
CH3 
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-continued 
D2 

CH3 CH3 
CH3tBu S S 

CH3 CH3 \ / 
. Cu‘ 

+ , CH=CH77CH / \ 
II‘! N 5 S tBu 

l 
Cd'lq CH3 

D3 

CH3 CH3 
CH3tBu S 5 

CH3 CH3 \ / 
. Cu_ 

+ , CH=CH')§-CH / \ 
Til N 5 5 tBu 

l 
C5311 C2Hs 

D4 

CH3 CH3 ' 
CHgtBu S S 

cu, CH3 \ / 
. Cu 

+ / CH=CH-)!-CH / \ 
N N 5 S tBu 
l | 
C4119 C2H5 

D5 

CH H 
3 C 3 tBu s 5 
cu; c113 \ / 

. /Cu< + / cn=cn CH 

I? ,2. I|~l S s tBu 
C4H9 CZHs 

D6 

CH3 CH3 
CH3 tBu s s 

cm CH3 \ / 

. /Cu; + / CH=CH97CH 

ll‘! 1;! S S tBu 
C5311 (33117 

The recording layer may contain at least 50% by 
weight, preferably 60 to 100% by weight of the photo 
stabilized cyanine dye while any other dye(s) and sin 
glet oxygen quencher(s) may be co-present. 
The photo-stablilized cyanine dyes of formula (I) 

have n and k which are less dependent on the light 
wavelength and exhibit a minimal change of n and k 
over the range of from 770 to 810 nm while they are 
very resistant against light. 
Due to the presence of the photo-stablilized cyanine 

dye, the recording layer 3 has a coefficient of extinction 
(the imaginary part of a complex index of refraction) k 
of from 0.02 to 0.05 at the wavelength of recording and 
reproducing light. With a coefficient of extinction k of 
less than 0.02, the recording layer can have a lower 
absorptivity so that it might become difficult to record 
with a commonly used power A coefficient of extinc 
tion k of more than 0.05 can result in a drop of reflectiv 
ity to below 70%, often failing to reproduce according 
to the CD standard. 
The recording layer preferably has an index of refrac 

tion (the real part of a complex index of refraction) n of 
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from 2.0 to 2.6 at the wavelength of recording and 
reproducing light. With n<2.0, the re?ectivity and 
reproduced signal therewith would be reduced, often 
failing to reproduce according to the CD standard. 

In determining n and k, a sample is prepared by form 
ing a recording layer on a given transparent substrate to 
a thickness of about 400 to 1,000 A. Then the re?ectiv 
ity of the sample is measured through the substrate or 
from the recording layer side. Re?ectivity is measured 
in a mirror re?ection mode (of the order of 5°) using 
light having the recording/reproducing wavelength. 
The transmittance of the sample is also measured. The 
index of refraction n and coefficient of extinction k may 
be calculated from these measurements according to K. 
Ishiguro, “Optics,” Kyoritsu Publishing K.K., pages 
168-178. 

It will be understood that the photo-stablilized cya 
nine dyes according to the present invention have maxi 
mum absorption at a wavelength in the range of 650 to 
750 nm. 
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In the practice of the invention, the recording layer 3 
is often formed by coating a solution of the dye. To 
form the recording layer by coating, the solvent may be 
selected from ketones such as cyclohexanone since the 
cyclic ole?n polymer of which the substrate 2 is formed 
has improved solvent resistance. Spin coating is a typi 
cal coating technique. 
As previously mentioned, the portion of the record 

ing layer 3 disposed within the con?ne of the groove 23 
forms a recording track. The recording layer 3 prefera 
bly has a thickness of about 2,000 to about 3,000 A in the 
groove 23. Recording layers of less than 2,000 A thick 
would produce tracking signals of less intensity whereas 
in excess of 3,000 A, a drop of re?ectivity would result 
in an increase in crosstalk and jitter. 
On the land between the grooves 23 the recording 

layer has a thickness of about 1,200 to about 1,700 A. 
This thickness pro?le of the recording layer would 
provide tracking signals of an appropriate magnitude 
for the push-pull tracking control. The groove in the 
substrate desirably has a depth of about 1,500 to about 
2,000 A. 

Re?ective layer 
The re?ective layer 4 is applied to the recording layer 

3 in direct contact therewith. Any desired high re?ec 
tivity material, for example, Au, Ag, Cu and the like 
and alloys thereof may be used to form the re?ective 
layer. 
The re?ectiveolayer 4 preferably has a thickness of at 

least about 500 A. It can be formed by evaporation or 
sputtering. Although no upper limit is generally im 
posed on the thickness of; the re?ective layer, a thick 
ness of up to about 1,200 A is preferred for manufactur 
ing cost and time. The re?ective layer alone has a re 
?ectivity of at least 90%, and the re?ectivity of an 
unrecorded portion of the medium through the sub 
strate can be at least 60%, especially at least 70%. 

Protective layer 

The protective layer 5 may be formed on the re?ec 
tive layer 4. The protective layer may be formed from 
any desired resin material such as a UV-curable resin, 
usually to a thickness of about 0.5 to 100 pm. The pro 
tective layer may be either a layer or a sheet. 
The protective layer is preferably prepared by coat 

ing a composition of a radiation-curable compound and 
a photopolymerization sensitizer and curing the coating 
with radiation. 

Preferably, the protective layer has a hardness in the 
range of H to 81-1, especially 21-1 to 7H in pencil hardness 
at 25° C. according to I18 K-5400. This hardness range 
leads to an improved eye pattern and a substantial re 
duction of jitter. In addition, the protective layer will 
not separate Q from the underlying re?ective layer 
during shelf storage under high-temperature, high 
humidity conditions or varying temperature and humid 
ity conditions. More speci?cally, the eye pattern can be 
disturbed and the jitter can increase if the protective 
layer is softer than pencil hardness H. A protective 
layer harder than 8H becomes brittle and dif?cult to 
form or does not fully adhere to the underlying re?ec 
tive layer. 
The radiation curable compounds used in forming the 

protective layer include oligoester acrylates. The oligo 
ester acrylates are oligoester compounds having at least 
two acrylate or methacrylate groups. Preferred oligo 
ester acrylates have a molecular weight of 1,000 to 
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12 
10,000, more preferably 2,000 to 7,000 and a degree of 
polymerization of 2 to 10, more preferably 3 to 5. Most 
preferred are polyfunctional oligoester acrylates having 
2 to 6, especially 3 to 6 acrylate or methacrylate groups. 
In addition to or instead of the oligoester acrylates, 
there may be used radiation curable compounds in the 
form of thermoplastic resins modi?ed to be radiation 
sensitive. 
The protective layer of such a radiation-curable com 

pound preferably has a thickness of from about 0.5 to 30 
pm, more preferably from about 1 to 10 pm. A protec 
tive layer of thinner than 0.5 pm is often difficult to 
form uniformly and insufficient as a moisture barrier in 
a humid atmosphere so that the underlying recording 
layer becomes less durable. Jitter prevention also be 
comes insuf?cient. A protective layer thicker than 30 
pm tends to invite distortion of the overall recording 
medium and cracking of the protective layer itself due 
to shrinkage upon curing. 
The protective layer may be formed by any desired 

well-known technique, for example, spinner coating, 
gravure coating, spraying, dipping, and combinations 
thereof. The conditions under which the protective 
layer is formed may be determined by taking into ac 
count the viscosity of a coating composition, the desired 
coating thickness, and other factors without undue ex 
perimentation. 
The radiation to which the coating is exposed may be 

ultraviolet (UV) radiation, electron radiation, or the 
like, with UV being preferred. For UV curing, a photo 
polymerization‘ sensitizer is generally added to the 
radiation-curable compounds. As the photopolymeriza 
tion sensitizer, any well-known compounds may be 
used, for example, benzoins such as benzoin methyl 
ether, benzoin ethyl ether, a-methylbenzoin, and a 
chlorodeoxybenzoin, ketones such as benzophenone, 
acetophenone, and bisdialkylarninobenzophenone, qui 
nones such as anthraquinone and phenanthraquinone, 
and sul?des such as benzyl disul?de and tetramethylthi 
uram monosul?de. 
A coating containing a radiation-curable compound 

and a photopolymerization sensitizer as de?ned above 
may be cured with radiation by any well-known meth 
ods. For example, UV lamps such as xenon discharge 
lamps and mercury discharge lamps are used. If desired, 
electron radiation may be used. 

Operation 
Recording or additional recording may be carried out 

on the optical recording medium 1 of the above 
described construction by directing recording light 
having a wavelength of 780 nm, for example, in pulse 
form to the recording layer 3 in the groove 23 through 
the substrate 2 to form a pit 6. The recording layer 3 
absorbs light so that it is heated while the substrate 2 is 
heated at the same time. As a result, the recording mate 
rial, .typically dye melts or decomposes near the inter 
face between the substrate 2 and the recording layer 3, 
applying a pressure to the interface between the sub 
strate 2 and the recording layer 3 to deform the side 
walls of the groove 23. 
The melted or decomposed products of the recording 

material leave a mass 61 on the bottom of the groove 23. 
Since the decomposed mass 61 somewhat invades the 
substrate side so that the pit 6 is larger in dimensions 
than the originally con?ned geometry of the recording 
layer. The decomposed mass 61 consists essentially of 
the decomposed product of the recording material or a 
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mixture of the decomposed product of the recording 
material and the recording material, but does not sub 
stantially contain the substrate material. 

It is to be noted that the recording light has a power 
of about 5 to 9 mW while the substrate is rotated at a 
linear velocity of about 1.2 to 1.4 m/sec. 

After the micro recorded sites or pits 6 are formed in 
this way, reproducing light having a wavelength of 780 
nm and a power of about 0.1 to 1.0 mW is directed to 
the pits 6 through the substrate 2. The pits cause a phase 
difference to reduce the re?ectivity to not greater than 
40%, preferably not greater than 20% of the re?ectivity 
of unrecorded portions. In turn, the remaining record 
ing layer, that is, the unrecorded portions maintain a 
high re?ectivity of at least 60%, especially at least 70%. 
This differential re?ectivity enables reproduction ac 
cording to the CD standard. 

EXAMPLE 

Examples of the present invention are given below by 
way of illustration and not by way of limitation. 

Example 1 
There were prepared pellets of a cyclic polyole?n 

consisting of recurring units of formula (II) wherein 
R1=R2=ethyl, that is, l,4-dimethylene-2,3-diethylcy 
clopentane and having a molecular weight of 29,000 
(designated Polyolefin l). The pellets were melted at 
350° C. and injection molded at a mold temperature of 
100° C. and an injection pressure of 350 kg/cm2 to form 
a substrate having a diameter of 120 mm and a thickness 
of 1.2 mm. The substrate had a continuous spiral groove 
with a pitch of 1.6 pm, a width of 0.42 um, and a depth 
of 0.2 pm. 

14 
measurements were made according to the procedure 

\ of K. Ishiguro, “Optics,” Kyoritsu Publishing K.K., 

20 

30 

pages 168-178. _ 

‘Further, gold was sputtered on the recording layer to 
form a're?ective layer having a thickness of 1,000 A. 
Still further, a UV-curable resin composition containing 
an oligoester acrylate was coated on the re?ective layer 
and UV cured to form a protective layer. That is, a 
UV-curable resin composition containing an oligoester 
acrylate and a photopolymerization sensitizer was spin 
ner coated and irradiated with UV radiation at 120 
W/cm for 15 seconds for crosslinking curing. The 
cured ?lm or protective layer had a pencil hardness of 
2H and a thickness of 5 pm. There was completed an 
optical recording disk sample designated No. 1. 
CD signals were recorded in the sample disk using a 

laser beam having a wavelength of 780 nm and a power 
of 7 mW. Then reproduction was carried out with a 
commercial CD player. Disk sample No. 1 showed 
satisfactory results. The reflectivity of unrecorded por 
tion was higher than 70%, and the re?ectivity of re 
corded portion was less than 40% of the re?ectivity of 
unrecorded portion. Jitter was low enough. 
The sample was examined for light resistance. On test 

is a light room storage test in which the sample was 
exposed to a Xe lamp at 80,0001ux for 100 hours. After 
100-hour light exposure, little change was found in 
re?ectivity. Another test is a simulated reproduction 
test in which the sample was exposed to 106 pulses of 
reproducing light at 780 nm and 0.8 mW. At the end of 
test, no change was found in re?ectivity. 
For examining heat and humidity resistance, the sam 

ple was stored for 500 hours at 80° C. and relative hu 
midity 80% and thereafter, measured how a C1 error 

A recording layer containing photo-stablilized cya- 35 would increase. No error increase was found. 
nine dye D1 was formed on the substrate by spin coat- These results are shown in Table 1. 

TABLE 1 

Light resistance Heat/humid 

Sam- repro- light resistance 
ple n at k at ducing storage 80' C/RH 

No. Substrate Dye 770 nm 780 nm 790 nm 770 nm 780 nm 790 nm pulses (hour) 80%/500 hr. 

1 Polyole?n 1 D1 2.30 2.28 2.22 0.05 0.03 0.025 >106 100 Pass 
2' Polyole?n l D'l 2.2 2.0 1.9 0.06 0.04 0.02 >10‘S 100 Pass 
3' Polyole?n 1 D2 2.5 2.5 2.45 0.01 0.01 0.01 (low recording sensitivity) 
4' Polyole?n 1 D3 2.2 2.1 2.1 0.06 0.08 0.09 (low re?ectivity) 
5' Polyole?n 1 D4 + Q 2.0 1.9 1.9 0.04 0.02 0.025 ~3 X 105 30 Rejected 
6' Polycar- D1 - - - -_ - - > 106 50 Fair 

bonate 

7' PMMA D1 _- - - - - - > 106 so ‘ Fair 

8 Polyole?n 2 D1 - - - - - - >106 10o Pass 

‘comparison 

ing a solution of 3.5% by weight of the dye in cyclohex 
anonenAfter drying, the dye layer had a thickness of 
2,500 A in the groove and 1,400 A on the land. 
The recording layer was measured for index of re 

fraction (n) and coefficient of extinction (k) at a wave 
length in the range of 770 to 790 nm. The results are 
shown in Table 1. For n and k measurements, a solution 
containing the dye was applied to a test substrate to a 
dry coating thickness of 1,000 to 1,500 A and the result 
ing recording layer was measured for n and k. These 

60 

65 

Equivalent results were obtained with photo-stablil 
ized cyanine dyes D2 through D6. 

Comparative Examples 1-4 
Optical recording disk sample Nos. 2 to 5 were pre 

pared by the same procedure as in Example 1 except 
that photostabilized cyanine dye D1 was replaced by 
comparative dyes D'l, D'2, D’3, and D’4+Q which are 
identi?ed below. 
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D' 1 

CH3 CH3 tBu s s 
CH3 CH3 \ / 

. lcui / CH=CH CH 
{I1 I)? N S S tBu 
I I 
C4149 C4119 

CH‘ D’ 2 cu; ’ CH3 tBu s s 
CH3 CH3 \ / 

. /Cu‘\‘ , cH=cH~>rcH 
g ' N S S tBu 
l I 
C3l~l7 C3H7 

D’ 3 

CH CH 
3 3 cmnau s s 
CH3 CH3 \ / 

. lNi; / CH=CH CH 
1T1 7: N S S (Bu 
| I 
C4H9 CH3 

(50 wt %) D’ 4 

CH CH 
3 3 CH3 
CH3 CH3 

.C104“ 
+ / CH=CH‘)TCH 

T T 
C4119 CH3 

+Q (50 wt %) 

{Bu 5 S 

\C / N+( B ) u' . I u 4 

/ \ 
S S tBu 

The results are also shown in Table 1 so that the 
bene?ts of the present invention are readily understood. 

Comparative Examples 5-6 
Optical recording disk sample Nos. 6 and 7 were 

prepared by the same procedure as in Example 1 except 
that instead of the cyclic ole?n polymer, the substrates 
were formed of polycarbonate and PMMA by casting. 
The results are also shown in Table 1. 

Comparative Example 7 
An optical recording disk sample was prepared by 

the same procedure as in Example 1 except that the spin 
coating conditions were changed so as to give a record 
ing layer having a thickness of 1,900 A in the groove. 
This disk sample developed signals of insuf?cient mag 
nitude to reproduce. 
A sample in which the recording layer had a thick 

ness of 3,100 A in the groove was similarly prepared to 
find an increase in jitter and crosstalk. 

It was also found in connection with Example 1 that 
a sample in which only the groove width was changed 
to 0.36 pm showed poor tracking control and a loss of 
recording sensitivity. A sample in which only the 
groove width was changed to 0.52 pm reproduced 

45 

55 

65 

signals of distorted waveform with an increase of cross 
talk. 

Example 2 
Two copolymers having different copolymerization 

ratios were obtained by random polymerizing ethylene 
and tetracyclo[4,4,0,l2'5,l7’1°]-3-dodecene (abbreviated 
as DMON) in accordance with the disclosure of JP-A 
168708/1985. A blend of the two copolymers (desig 
nated Polyole?n 2) was melted at 350° C. and injection 
molded at a mold temperature of 100" C. and an injec 
tion pressure of 350 kg/cm2 to form substrates having a 
diameter of 120 mm and a thickness of 1.2 mm. The 
substrates had a continuous spiral groove with the same 
parameters as in Example 1. Then an optical recording 
disk sample No. 8 was prepared in the same manner as 
in Example 1. The results are also shown in Table 1. 
As seen from the data of Table 1, recording layers 

containing the photo-stablilized cyanine dyes as de?ned 
herein as the light absorbing dye have less wavelength 
dependent values of n and k and are resistant against 
light, heat and humidity, ensuring satisfactory recor 
ding/reproducing properties. 
There has been described an optical recording me 

dium having a recording layer containing a speci?c 
photostabilized cyanine dye capable of satisfactory opti 
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cal recording and reproduction according to the CD 
standard because of high re?ectivity and a great lower 
ing of re?ectivity in pits. The recording layer has less 
wavelength-dependent values of n and k so that little 

change occurs in recording/reproducing performance 
regardless of a variation in the wavelength of recor 
ding/ reproducing light. Also a well con?ned pit con?g 
uration and a high S/N ratio insure satisfactory recor 
ding/reproducing performance. Great improvements in 
heat resistance, humidity or water resistance, and light 
resistance minimize the degradation encountered on 
reproduction and during storage in a light room. 
While we have shown and described particular em 

bodiments of our invention, it will be obvious to those 
skilled in the art that various changes and modi?cations 
may be made without departing from the invention in 
its broader aspects. 
We claim: 
1. In an optical recording medium comprising a sub 

strate having a groove formed therein, a recording layer 
on the substrate containing a dye, and a re?ective layer 
stacked in close contact with the recording layer, 
wherein the medium is recorded by directing recording 
light to the recording layer in the groove to form re 
corded sites and reproduced by directing reproducing 
light to the recorded sites, 

the improvement wherein said substrate is formed of 
a cyclic ole?n polymer, 

said recording layer contains a photo-stabilized cya 
nine dye of the formula: 

1O 

20 
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wherein m and n are positive integers, m>n and 
' miZ, q is 0 or a positive integer of up to 10, and p 
is a positive integer of from 1 to 10, and 

said recording layer has a thickness of 2,000 to.3,000 
A in the groove having a width of 0.38 to 0.50 pm. 

2. The optical recording medium of claim 1 wherein 
said cyclic ole?n polymer has recurring units of the 
formula: 

will“? 
R1 R2 

wherein R1 and R2 are hydrocarbon groups. 
3. The optical recording medium of claim 1 wherein 

said cyclic ole?n polymer is a copolyrner of ethylene 
with a cyclic ole?n of the formula: 

wherein n is 0 or a positive integer, R1 and R12 are 
independently selected from the group consisting of a 
hydrogen atom, halogen atom, and hydrocarbon group, 
and R9 through R”, taken together, mayform a mono 
or polycyclic group which may have a double bond, or 
R9 and R10 or R11 and R12 may form an alkylidene 
group. 

i t t it t 


